Abstract. The research on human spatial-temporal behavior has always been the focus of urban geographic studies. In today's society, social networks, smart phones and smart cards can provide massive data for researchers to analysis human behavior. From mobile phone trajectories, this paper presents algorithms for mining human spatial-temporal behavior pattern, which includes not only the regular movement pattern of individuals, but also the co-occurrence pattern among user groups. The parallel algorithms in this paper are proposed for big data of user trajectories, and the experimental results show that the proposed algorithms are effective. The research on human spatial-temporal behavior pattern can be applied to urban spatial-temporal behavior analysis, smart city construction and other areas.
Introduction
The research on human spatial-temporal behavior has always focused on urban geography [1] [2] [3] [4] [5] [6] [7] [8] [9] . With the change of the data collecting methods, the research on human spatial-temporal behavior has showed different characteristics. In an early phase, the research data were mainly obtained through the investigation or the interview method. However, the data collecting cost is high, the sample is small, the time span is short, and the questionnaire is subjective. With the development of GIS and network map technology, GPS and other methods has become the main means of data acquisition. Using network map and thematic information integration technology, the research of human spatial-temporal behavior can clearly express the changes of urban spatial structure and human activities. In recent years, the rapid development of the Internet and smart devices, social networking, mobile phone, smart card and so on provide massive data for human behavior research, for example, mobile phone call traffic and base station data, taxi trajectory information, bus or subway smart card data. These massive data have promoted the development of the research methods of human spatial-temporal behavior.
Yuan analyzed the relationship between the property and activities of the residents, using 870 thousand mobile phone users in Harbin City, and modelled the distribution of human activity space from both individual and urban perspectives based on mobile phone data [10] . LONG analyzed identifying jobs-housing places and commuting trips in the Beijing by bus smart cart data [11] . Farrashi analysis of human routines which characterize both individual and group behaviors in terms of location patterns, dataset is collected by mobile phones [12] . Phithakkitnukoon constructed the individual daily activity patterns with the activity-aware map and mobile phone data, proposed a correlation analysis of work area's profile and similarity in daily activity patterns [13] . Ahas introduces a model for the location of meaningful places for mobile telephone users, such as home and work anchor points, using passive mobile positioning data [14] . At present, massive data can be obtained by the GPS, the Internet and mobile phone etc. There are new demands in the technical means for the research of human behavior. Parallel technology and data mining technology are the important way in the era of big data [15] . These can be used to discover valuable information in human spatial-temporal behavior. However, there is little research on mining human spatialtemporal behavior pattern by massive data of mobile phone base station at home and abroad.
This paper proposes an algorithm for mining user's regular movement pattern based on the mobile base station data. It is helpful to analyze individual spatial-temporal behavior, as well as abnormal behavior. By comparing regular movement patterns, this paper also proposes an algorithm for mining co-occurrence pattern among users. It is helpful to analyze group spatial-temporal behavior, and can provide data support for the research of urban space behavior, the construction of Smart City and other fields. 
Problem Definition
Obviously,
In real life, human's daily life is regular. After dividing the original trajectories into segments, some base stations can be periodically repeated in the same time unit of different trajectory segments. For example, in one user's trajectories, one base station may appear more than once during the daylight hours at working days. This user's working place may be within the scope of this base station. The user shows "homecompany -home" movement pattern from Monday to Friday. A user's movement pattern are not unique, there may be many movement patterns. For example, the user often goes to the stadium every Sunday afternoon, then he can display "homestadium -home" movement pattern in every Sunday. In working days and rest days, the user has different lifestyle, and shows different movement patterns of spatial-temporal behavior. In this paper, the user's movement pattern is discovered according to the regularity of the user's trajectories.
Definition 4(movement pattern):
The mobile trajectories of a user u is divided into many trajectory segments by day, donated as
Extracting frequent trajectory segment is as follow.
If the following conditions are met, then u P is called for a movement pattern of the user u during T , which is expressed as
. q And h are the thresholds. 
.If the following conditions are met, then there is co-occurrence pattern of user A and user B .
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Movement pattern reflects the individual's spatial-temporal behavior. Cooccurrence pattern reflects the common spatial-temporal behavior between two users, also can be extended to multiple users, so it shows group pattern.
Algorithms for Mining the Human Spatial-temporal Behavior
In this section, firstly, the algorithm for mining user's movement patterns is described, and then the algorithm for mining co-occurrence pattern between two users is proposed. The detailed steps of the two algorithms are described as later.
The algorithm for mining user's movement pattern is based on the principle of frequent item set. Firstly, the trajectories are converted and merged into binary sequence; the binary sequence is constantly shifted to right several bits. New binary sequence is compared with the original binary sequence, the frequent elements are found by convolution principle. Finally, movement pattern is calculated. The algorithm of Mining Movement Pattern (MMP) is shown in algorithm 1.
Algorithm 1: Mining Movement Pattern (MMP) Input: Base station trajectories of one user's mobile phone, thresholds q and h for the number of trajectory segments in clustering and similarity.
Output: the user's movement pattern
Process:
Step1: Base station trajectories of the user's mobile phone are divided into trajectory segments by day.
Step2: According to the similarity threshold h , the user's all trajectory segments are clustered. The similarity measure method is adopted by definition 3 for the trajectory segments.
When the number of trajectory segments is more than q in a clustering, step 3 to step 7 needs to be implemented for the clustering.
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The movement pattern in the four days shows that there is regular activity such as a b a → → in the user's life. We can assume that the user's home is in the range of base station a and he works in the range of base station b .
Using algorithm 1 to extract one user's movement pattern, it can be used to analyze individual spatial-temporal behavior. For mining co-occurrence pattern between two users, an approach of intersection between movement patterns is adopted. 
Step1. The total number of movement pattern of user A and B are counted respectively, denoted as m and n . Initialization 1
Step2. Select one of movement patterns of user A and B respectively, denoted as: , then output "no co-occurrence pattern between two users" Obviously, algorithm 2 is easy to be extended to multiple-users.
Parallel Algorithms for Mining Human Spatial-temporal Behavior Pattern
In 2016, the number of mobile phone users in China has reached 620 million; the number of users using mobile phones is far more than the number of users using PC. There is a lot of potential useful information in the massive data of mobile phone, and the research based on massive data can produce better results than small data. Therefore, the analysis of human spatial-temporal behavior based on massive data is the inevitable trend. In the ear of massive data, research on the parallel algorithm is an important for mining human spatial-temporal behavior pattern.
MMP and MCP are suitable for massive data analysis and processing, and can be performed on MapReduce programming model. Its reasons are as follows.
First, although the total amount of users' trajectories is huge, a single user's trajectory data is limited. Movement pattern is mined on a single user's trajectories in MMP, and can be processed in a single node. Using the "divide and rule" strategy, different user's movement patterns can be distributed parallel mining on different nodes. Similarly, MCP can also be carried out on distributed platform.
Secondly, the original trajectories data and the binary sequence of trajectories are suitable for the storage on disk in the form of file. After dividing trajectories into trajectory segments, there is no dependence among the trajectory segments. Each trajectory segment has unique identification. So, massive trajectory segments are suitable to be processed on MapReduce programming platform.
Finally, trajectories data are easy to be expressed in the form key/value, which is needed in the MapReduce programming model.
A parallel algorithm framework for mining movement pattern and co-occurrence pattern in massive data is shown in Figure 1 . Before mining the co-occurrence pattern, all mining tasks of movement patterns must be completed, so a synchronization barrier is required. At the same time, it is necessary to collect, sort and distribute the data from the previous stage. 
Result of Experiment
In the experiment 1, Movement pattern were mined for every user. The 40 users only be found a single movement pattern, and other 41 users have two or more than two kinds of movement patterns. There are 5 laboratory graduates. They appeared in the scope of the base station 5119 during working hours daily, and appeared in the scope of the base station 5113 at the rest of the time. It can be understood as the "homelaboratory-home" regular pattern. From the experiment results of co-occurrence pattern, there are 17 users, and there are at least two kinds of co-occurrence pattern between any two users. According to the survey report of their identity, user 4 is no first-year graduate student in the laboratory, user 26 and 82 are first-year graduate students. In table 3, it is obvious that there is strong co-occurrence pattern between user 26 and 82. They are always in the scope of same base station all day. From early September to middle of November, there are co-occurrence pattern only during working hours per day between user 4 and user 26 or 82. But they almost stay together in late November. In late November, the laboratory's students transferred together from the base station b to the base station c, there may be a common activity. The co-occurrence pattern not only reflects the same activity regulation among users, but also reflects the change regulation in their activity.
Efficiency of Parallel Algorithm
In the experiment 2, the environment adopts 18 servers (1 master node, 17 slave nodes), and each node has the same configuration. The parallel mining algorithm is implemented on MapReduce platform. The efficiency of the algorithm is shown in Figure 2 . With the increase of data, the running time of the parallel algorithm is slow, while the running time of the serial algorithm is rising rapidly. 
Summary
Based on spatial-temporal data of mobile phone base station, this paper proposed algorithm for mining movement pattern of individual regular activity. By the similar movement pattern, algorithm is presented for mining the co-occurrence pattern between users. Experimental data is derived from a public data set. Experimental results show that the research work in this paper can effectively find the significant relationship among mobile phone users, and can find the changes of the life of individuals and groups. The algorithms can apply to other spatial-temporal data for human behavior. The algorithms are universality.
It is important to analyze human spatial-temporal behavior based on the data obtained from the mobile phone. On the one hand, massive and real human behavior data is the key to the perception of the city. Individual movement pattern and group co-occurrence pattern can be used to provide data support for the city's intelligent transportation, smart security and intelligent urban management, and widely service the wisdom city construction. Such as urban planning, social management, and the residential services, etc. On the other hand, the co-occurrence pattern can provide the basis for discovering human social relationship.
